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(57) ABSTRACT

Acquisition device for taking a digital relief image of the
surface of a tire having two color cameras for the acquisition
of stereoscopic images. Each camera has N primary image
sensors in a given primary color (R, G, B), where N is equal
to or greater than two. Each camera is placed so as to acquire
the light emitted (E) towards a predetermined area (Z) of the
surface of the tire by N lights and reflected (F) by the surface
of'the tire. The N lights simultaneously project each indepen-
dently and along the same direction onto the predetermined
area of the surface of the tire. The projected light has a
wavelength that corresponds to one of the primary colors of
the cameras, according to a fringe system (S;, S,, . . . Sy)
consisting of an alternation of illuminated and non-illumi-
nated bands of given width (L, L,, . .. L,).

10 Claims, 4 Drawing Sheets
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EVALUATION OF THE RELIEF OF A TIRE
SURFACE BY ACTIVE STEREOVISION

RELATED APPLICATION

This is a U.S. National Phase Application under 35 USC
371 of International Application PCT/EP2009/064481, filed
on Nov. 3, 2009.

This application claims the priority of French patent appli-
cation no. 08/57564 filed Nov. 7, 2008, the entire content of
which is hereby incorporated by reference.

FIELD OF THE INVENTION

The invention relates to the field of visual tire inspection.

BACKGROUND OF THE INVENTION

Conventionally, such inspections require the skill of an
operator, who visually inspects the tire in order to detect
possible defects visible on the surface of the latter. These
operations are lengthy and expensive, and this is why manu-
facturers actively seek means for assisting the operator.

In this context, it proves necessary to acquire a digital
representation of the relief of the surface of the tire to be
inspected for the purpose, after analysis and processing, of
comparing this digital representation with a reference image
of'the surface or with data coming from a model. This digital
representation of the surface is also called the relief image of
the surface.

More particularly, the invention relates to the field of the
stereoscopic acquisition of a relief image of the surface.

Various image acquisition methods have been disclosed for
the purpose of supplying data as relevant as possible to a
digital processing means capable of comparing this image
with a reference image so as to determine the conformity of
the tire being analysed.

Using the technique of classical stereovision, it has been
proposed to use two separate cameras dedicated respectively
to the acquisition of data relating to the relief and to the
acquisition of data relating to the appearance, such as the
colour, greyscale or brightness.

This solution, called a passive stereoscopic solution,
requires the images coming from the two acquisition means to
be brought into correspondence. The correspondences may
be determined using characteristic elements of the image,
such as the presence of characteristic corners or contours. The
coordinates of the surface are then calculated by triangulation
by determining the angles of different views of the same point
on the surface seen by the two cameras.

However, several assumptions are necessary in order for
the calculation algorithms to be executed appropriately. This
is because ambiguities may arise when the surface to be
evaluated has areas of light reflection or refraction. In this
case, the algorithms cannot correctly determine the corre-
spondences between the pixels of the two cameras. In addi-
tion, unlike the human brain, they have no knowledge of the
topography or context of the image to be analysed. It may
therefore be necessary to involve an operator in the analysis
process in order to select the points to be brought into corre-
spondence.

Thus, in contrast to passive optical techniques, acquisition
techniques referred to as active techniques have been devel-
oped that consist in sending an optical signal onto the surface
to be reconstructed seen by cameras at different angles in
order to make it easier to bring the points of the surface into
correspondence.
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These methods consist in illuminating the surface using
known luminous features, which are sensed by the optical
receivers of the cameras. The operation of bringing the
images recorded by the two stereoscopic cameras into corre-
spondence is facilitated by knowing the elements of the fea-
ture, and the abovementioned ambiguities are therefore
resolved during the analysis.

As will be explained in greater detail later, one of the
structured light projection algorithms most commonly used
consists in illuminating the surface using light formed from a
series of binary features made up of bands, comprising an
alternation of illuminated lines and non-illuminated lines. At
the same time, the cameras acquire these series of successive
images in which each of the points on the surface may be
illuminated or non-illuminated. It is then possible to recon-
struct the alternation of illuminated and non-illuminated
bands seen by the two cameras, to identify the light bands in
a one-to-one manner in order to locate a point on the surface
with certainty and to bring the images from the two cameras
into correspondence so as to reconstruct the relief image of
the surface.

Using these illumination algorithms judiciously, it is thus
possible to acquire the image of the surface of a tire while
avoiding the effects due to shadow areas when the relief of the
surface is greatly cut-up, but also to provide sufficient infor-
mation for an image processing means to distinguish the
brightness effects due to stains or colour variations.

Application of the abovementioned methods to evaluating
the relief of the surface of a tire may involve several adapta-
tions when it is desired to optimize the image acquisition
cycle, in particular when it is desired to define the relief of the
tread.

FIG. 1 illustrates the case of a conventional application in
which an illumination means 20 projects a fringe system onto
the tread and in which stereoscopic cameras 10a and 106 are
placed so as to acquire the light emitted (E) by the illumina-
tion means 20 and reflected (F) by the surface of the tire P. The
tire is fitted onto the rim 30 of a wheel 31 rotated about the
axis D by a motor-driven support hub 32.

At each acquisition pass, the cameras record the two ste-
reoscopic images of an angular portion a of the surface of the
tread. The complete image of the tread is obtained by making
the tire rotate through one complete revolution about its axis
of revolution D and butting together the 27w/ pictures taken
by each of the stereoscopic cameras.

Implementation of the algorithm also requires fringe sys-
tems S of the type of those illustrated in FIGS. 2, 3 and 3a to
be projected in succession one after another. The fringe sys-
tems comprise an alternation of illuminated and non-illumi-
nated bands of known widths according to a binary code
determined in advance (S1, S2, S3, S4) and are associated
with encoding and decoding techniques enabling the fringes
of'the projected images, recorded by the cameras, to be iden-
tified.

The stereoscopic cameras acquire the images of the pro-
jection of each of the fringe systems S1, S2, S3 and then S4 in
succession onto the surface of the tire.

Referring to FIGS. 3a and 34, the fringe system S1 corre-
sponds to the first row. The fringe system S2 corresponds to
row 2, the fringe system S3 corresponds to row 3 and the
fringe system S4 corresponds to row 4. The number of fringe
systems that can be projected is of course not limiting.

A processing system, involving known algorithms (these
not forming part of the present description), decodes the
images in order to associate with each point on the surface of
the tire the successive illumination levels so as to resolve any
positioning uncertainties.
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A first method therefore consists in projecting each of the
fringe systems in succession onto a portion of the tire and then
in repeating this operation on the successive angular sectors
by rotating the tire about its axis. A second method consists in
taking, for each fringe system, images over a complete revo-
Iution of the tire and in making as many revolutions as there
are fringe systems to be projected.

Whatever the method chosen, it has been found that these
successive revolutions take up a considerable amount of time
and reduce the efficiency of the inspection system. Such
solutions also require particularly precise coding and syn-
chronization means.

To reduce the acquisition time it is then possible, as pro-
posed in the publication U.S. Pat. No. 4,175,862, to place as
many fringe projection devices, associated with stereoscopic
image means for the acquisition of the digital relief image of
the surface of a tire, as the number N of fringe systems to be
projected.

In this way, it is possible to acquire the 2N images of the
complete surface of a tire illuminated by the N fringe systems,
coming from the 2N stereoscopic cameras, by making the tire
undergo a single revolution about its axis of revolution.

However, such a device requires a large number of cameras
and projectors, which may interfere with one another and may
have in addition the drawback of entailing many additional
calculations in order to bring the N relief images of the sur-
face into registration one with respect to another.

SUMMARY OF THE INVENTION

The acquisition device for taking a digital relief image of
the surface of a tire according to an embodiment of the inven-
tion comprises:

two colour cameras for the acquisition of stereoscopic
images, each camera comprising N primary image sensors in
a given primary colour, N being equal to or greater than two,
and placed so as to acquire the light emitted towards a prede-
termined area of the surface of the tire by illumination means
and reflected by the surface of said tire; and

N illumination means simultaneously projecting, each
independently and along the same direction onto said area of
the surface of the tire, light having a wavelength that corre-
sponds to one of the primary colours of the cameras, accord-
ing to a fringe system consisting of an alternation of illumi-
nated and non-illuminated bands of given width.

For the same angular sector, each of the cameras takes a
picture of the set of fringe systems simultaneously, and it is of
little importance, as will be seen later, that a given point on the
surface of the tire is considered as being illuminated in one
fringe system and not illuminated in another.

Therefore, in a single revolution of the tire about its axis, N
pairs of images of the circumferential surface of the portion of
the tire that it is desired to analyse are obtained, each pair
coming from the two sensors in a given colour that are located
in each of the colour cameras. These N pairs of images form
the N stereoscopic images of the N fringe systems.

The invention also has the advantage of reducing the num-
ber of image registration and camera calibration operations
because the pictures are taken simultaneously. Likewise, this
acquisition mode gets round the problem of any light inter-
ference coming from the illumination means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic view of a conventional stereo-
scopic viewing device;
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FIG. 2 shows a photographic view of the surface of a tread
illuminated using a fringe system;

FIG. 3a shows fringe systems structured according to a
binary code;

FIG. 3b shows fringe systems structured according to a
Gray code;

FIG. 4 shows a schematic view of the device according to
an embodiment of the invention;

FIG. 5 shows an example of wavelength distribution spec-
tra for the primary colours used in a colour camera; and

FIG. 6 shows a schematic view indicating the principle of
a colour camera used in a stereoscopic image acquisition
means according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

As explained above, the device illustrated in FIG. 1 shows
schematically a means 10 for the acquisition of a stereoscopic
image formed from two cameras 10a and 1056 each equipped
with an entry objective through which enters the reflected
light F coming from a predetermined area Z of the surface of
the tire P to be examined, in this case the tread. Said surface
is illuminated by an illumination means 20 capable of pro-
jecting one or more fringe systems comprising an alternation
of illuminated bands and non-illuminated bands onto the
surface of the tire seen by the objectives of the cameras.

FIG. 2 is a photographic view of said area Z of the tread of
a tire P illuminated by a fringe system. The light lines are
mutually parallel and preferably placed in the circumferential
direction.

In the context of implementing the invention, it is also
conceivable for the lines making up the fringe system to be
placed in the transverse direction, in the radial direction, or to
form systems of concentric circular lines, in particular when
the surface of the sidewall of a tire is to be analysed.

FIGS. 3a and 356 illustrate the case of fringe systems in
which the width of the bands of the fringe system is inversely
proportional to the number of bands. Thus, the width of the
bands of the fringe system S2 is equal to one half of the width
of'the bands of the fringe system S1, the width of the bands of
the fringe system S3 is equal to one half of the width of the
bands of the fringe system S2, and so on. In other words, the
widths (L, L,, . . . L,) of the bands of each of the fringe
systems (S, S,, ... S,) are multiples, modulo 2”, of the width
of the bands of the fringe system having the smallest band
width (L,), n varying from 1 to (N-1), N being equal to 4 in
the example shown in FIGS. 3a and 35.

Thus, the higher the number N of the rank of the fringe
system the smaller the width of the bands and the higher the
analysis precision, but the longer the acquisition time and the
longer the calculation time. In addition, the width of the
fringes is limited by the resolution of the camera sensors.

It may sometimes prove difficult to determine whether a
pixel observed by the cameras is illuminated or not, because
ofinter-reflections between the surface to be examined and its
environment. In addition, the binary encoding suffers from
the accumulation of errors at the boundaries of the light
bands. Specifically it may be observed that, in a binary code
as illustrated in FIG. 34, the boundary between lines 8 and 9
is present in all the fringe systems.

FIG. 3b shows a particular code proposed by Gray (Bell
Laboratories, 1953), described for information by Hall-Holt
and Rusinkiewicz at the international conference on com-
puter imaging in 2001, or in the article published by Rusink-
iewicz, Hall-Holt and Levoy “Real-time 3D model acquisi-
tion”, Proceedings of SIGGRAPH 2002, Volume 21, pages
438-446 in July 2002. This particular code consists in illumi-
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nating the surface using systems of light fringes, the width of
the fringes also being reduced by a factor of two at each
successive image but in which each boundary between two
bands appears only once. This device explains how the analy-
sis errors likely to occur in the boundary regions can be
reduced.

Other codes and other reconstruction algorithms have been
proposed in order to increase acquisition and analysis reli-
ability, such as the code proposed by Hall-Holt and Rusink-
iewicz, but it is not in the spirit of the present description to
explain the use of these various means for creating structured
images, rather to state that they essentially consist in illumi-
nating the surface to be evaluated using fringe systems con-
sisting of an alternation of illuminated bands and non-illumi-
nated bands according to a given code.

To make best use of the results, the fringe systems pro-
jected by each of the illumination means are arranged so as to
be superposed in such a way that the boundary regions are
aligned.

The device according to an embodiment of the invention is
illustrated in FIGS. 4, 5 and 6.

In the case of this acquisition device, it is considered that
the number of fringe systems to be projected in order to obtain
sufficient precision is small. In practice, it is considered that
the projection of three or four fringe systems is sufficient and
the objective of the invention is to take advantage of this
situation.

The device according to an embodiment of the invention
comprises a stereoscopic image acquisition means formed by
two colour cameras 13a and 135.

In currently employed technologies, this type of camera
contains means capable of splitting the reflected light coming
from the object, the image of which it is desired to acquire,
into a certain number of base colours (R, G, B).

These splitting means may be formed by sets of prisms or
else by a filter consisting of colour cells of the primary
colours, better known as a Bayer filter. The function of these
means is to split the light into a certain number of colours
called base or fundamental colours. As a general rule, such a
filter splits the light into the three base or fundamental
colours, namely red (R), green (G) and blue (B). However, it
is also possible to produce cameras comprising more than
three fundamental colours. As an example, cameras compris-
ing four base colours, namely red (R), green (G), blue (B) and
cyan, are available on the market.

The reflected light F coming from the object to be exam-
ined is therefore decomposed into as many monochromatic
images as there are base or fundamental colours. Each of
these images is then directed onto a specific sensor, formed by
an assembly of light-sensitive photosites such as CCD or
CMOS sensors capable of converting the amount of light that
they receive into an electrical current. Therefore, as many
greyscale images as there are base colours are obtained. The
maximum resolution of a sensor depends on the number of
photosites to which the number of pixels forming the final
image corresponds.

The invention takes advantage of this mode of operation of
the colour cameras in order to obtain particular information
regarding the relief image of the surface to be evaluated.

For this purpose, and with reference to FIG. 4, the N
stereoscopic image acquisition means intended for acquiring
the 2N images of the surface of the tire that are illuminated by
the N fringe systems are formed by the 2N primary image
sensors of the two colour cameras 13a and 135, the two
sensors in the same given primary colour of each of the
cameras forming a stereoscopic image acquisition means.
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It is then sufficient for each of the illumination means to
illuminate the surface according to a given fringe system with
light having a wavelength that corresponds to one of the
primary colours of the cameras in order for the N fringe
systems to be able to be seen simultaneously and separately
by the primary colour sensors of the two cameras.

The maximum number N of fringe systems that it will then
be possible to project onto the surface corresponds to the
number N of primary colours of the cameras.

FIG. 6 illustrates the operation of one of the colour cameras
(13a) forming the stereoscopic image acquisition means. The
operating details of the associated colour camera 134, in
which the suffix a can be replaced with the suffix b, are
identical and are therefore not shown in the figures.

The light rays of the incident light F penetrate the camera
and illuminate reflecting prisms, 134a (1345), 135a (1356)
and 136a (1365) respectively, which split the light into the
base colours and reflect the light so as to direct this light onto
brightness sensors placed in the camera, namely 131a (1315),
132a (1325), 133a (133b) respectively, which are capable of
forming images of the surface.

These colours are the base colours as shown in FIG. 5, in
which the colour blue (B) corresponds substantially to a
wavelength of 450 nm, the colour green (G) corresponds to a
wavelength of 550 nm and the colour red (R) corresponds to
a wavelength of 680 nm.

It is therefore sufficient to arrange for the illumination
means (231) to emit a first fringe system S1 at the wavelength
0f'450 nm corresponding to blue and comprising an alterna-
tion of bands illuminated in blue light and non-illuminated
bands in order for this fringe system to be seen by the sensor
131a (1315) assigned to this colour. A second fringe system
S2, different from the first, is emitted simultaneously by the
illumination system (232) at a wavelength of 550 nm and will
therefore be seen only by the sensor 132a (1325) dedicated to
the colour green. This fringe system consists of an alternation
of bands illuminated with green light and non-illuminated
bands. A third fringe system S3 emitted by the illumination
system (233) at a wavelength of 680 nm will be seen by the
sensor 133a (133b) reserved for red light and will comprise an
alternation of red bands and non-illuminated bands.

Thus, with only two colour cameras, and by collecting the
images coming from the three sensors of each of the colour
cameras separately, it is possible to obtain the stereoscopic
images of three different fringe systems S1, S2 and S3 emitted
simultaneously by the illumination means according to dif-
ferent wavelengths corresponding to the base colours of the
cameras.

The blue primary colour sensor 1314 of the camera 13a is
associated with the blue primary colour sensor 1316 (not
shown) of the camera 135. These two sensors form an acqui-
sition means for taking a stereoscopic image of the surface of
the tire illuminated by the fringe system S1 emitted by the
illumination means 231 corresponding to blue. The green
primary colour sensor 132a of the camera 13a is associated
with the green primary colour sensor 1325 (not shown) of the
camera 135. These two sensors form an acquisition means for
taking a stereoscopic image of the surface of the tire illumi-
nated by the fringe system S2 emitted by the illumination
means 232 corresponding to green. Finally, the red primary
colour sensor 133a of the camera 13a is associated with the
red primary colour sensor 1335 (not shown) of the camera
135b. These two sensors form an acquisition means for taking
a stereoscopic image of the surface of the tire illuminated by
the fringe system S3 emitted by the illumination means 233
corresponding to red.
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The two colour cameras 134 and 135 therefore see the three
fringe systems simultaneously and the acquisition of the
image of the complete surface of the tread illuminated by the
three fringe systems may be produced in a single revolution of
the tire about its axis of revolution D.

A given point on the surface of the tire may be illuminated
simultaneously by two different colours, for example blue
and green, and this point will be considered as illuminated in
the fringe systems S1 and S2 and as non-illuminated in the
fringe system S3.

To avoid distortions due to the projection of light onto the
surface of the tire at different angles, the illumination means
23 is formed from three illumination means 231, 232 and 233
each capable of illuminating the surface of the tire according
to a given fringe system and at a given wavelength. Thus, the
means 231 emits the first fringe system S1 at the wavelength
corresponding to blue (B), the means 232 emits a second
fringe system S2 at the wavelength corresponding to green
(G) and the means 233 emits a third fringe system S3 at the
wavelength corresponding to red (R). These three fringe sys-
tems are emitted simultaneously and directed onto the surface
of'the tire at the same given angle using semi-reflecting mir-
rors 234.

So as to limit the parasitic effects due to wavelengths
corresponding to the near infrared, it proves advantageous to
place afilter on the objective of the camera capable of limiting
entry of light rays with a wavelength greater than 750 nm.
Other band-pass filters may also be added, so as to prevent the
entry of light of undesirable wavelengths. Thus, more gener-
ally, the aim will be to filter the passage of light rays having a
wavelength different from those used for the chosen illumi-
nations.

For implementing a stereoscopic image acquisition device
according to the invention as described above, it may prove
advantageous to make (N+1) additional acquisitions of the
image of the surface of the tire to be evaluated in order to
determine, in an automatic manner, the calibration thresholds
for distinguishing the illuminated bands from the non-illumi-
nated bands. For this purpose, N images are formed by illu-
minating in succession, using each of the illumination means
corresponding to each of the base colours, the entire surface
of the tire, and suppressing the fringes, and one additional
image in which all illumination is suppressed.

The invention claimed is:
1. An acquisition device for taking a digital relief image of
the surface of a tire, comprising:

two colour cameras configured to acquire stereoscopic
images, each camera comprising N primary image sen-
sors, each of the N primary image sensors detecting light
of only one primary colour, N being equal to or greater
than two, the two colour cameras being placed so as to
acquire a light emitted towards a predetermined area of
the surface of the tire by N illumination means and
reflected by the surface of said tire; and
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N illumination means simultaneously projecting, each
independently and along the same direction onto said
area of the surface of the tire, each of the N illumination
means emitting a light having a wavelength that corre-
sponds to only one of the primary colours of the cam-
eras, the N illumination means in combination emitting
light in all of the primary colours detected by the N
primary image sensors, each of the N illumination
means projecting according to a fringe system including
an alternation of illuminated and non-illuminated bands
of given width, resulting in the simultaneous and inde-
pendent projection of N fringe systems.

2. The acquisition device according to claim 1, wherein the
fringe systems emitted by said illumination means have over-
lapping boundaries.

3. The acquisition device according to claim 2, wherein a
respective width of each band of each fringe system is a
multiple, modulo 2”, of the width of the bands of a fringe
system having the smallest band width, n varying from 1 to
(N-1).

4. The acquisition device according to claim 1, further
comprising a means for retention of the tire and a means for
rotating said tire with respect to the stereoscopic cameras and
to the illumination means.

5. The acquisition device according to claim 1, further
comprising a digital processor wherein execution of a pro-
gram by the digital processor configures the digital processor
to analyse the 2N images of the surface of the tire and deter-
mine the numerical relief of said surface.

6. The acquisition device according to claim 1, wherein
each of' the colour cameras comprises means for splitting the
incoming beams into each of the N primary colours so as to
direct the light beam onto as many sensors capable of defining
a primary greyscale image of the surface of the tire.

7. The acquisition device according to claim 1, wherein the
primary colours are red, green and blue.

8. The acquisition device according to claim 1, wherein the
primary colours are red, green, blue and cyan.

9. A method of taking a digital relief image of the surface of
a tire using a device according to claim 1, the method com-
prising:

acquiring 2N images of said illuminated surface according
to the N fringe systems emitted by the N illumination
means; and

revolving the tire once completely around its axis of revo-
Iution, wherein the 2N images corresponding to each of
the sensors are acquired simultaneously while the tire
makes one complete revolution.

10. The method according to claim 9, further comprising:

acquiring an additional image of the area of the surface of
the tire with the N illumination means not illuminated;
and

calibrating the detection thresholds of each of the primary
image sensors based on all of the images acquired.

#* #* #* #* #*



